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APPARATUS AND METHOD FOR GENERATING A MULTI-COMPONENT 

COMPOUND 

BACKGROUND OF THE INVENTION 

Technical Field 

5 The present invention relates to a apparatus and to a method, for generating a multi- 
component compound, in particular for dental purposes. 

Description of the Related Art 

In general, known apparatuses for generating a multi-component compound for den- 
tal purposes operate by pressing its typically high viscous components out from ex- 

10 changeable cartridges. These cartridges are arranged side-by-side, and they open 
into a static or dynamic mixer. An electric drive acts on plungers associated with the 
cartridges to advance them jointly for pressing out the components- In some appara- 
tuses, the plungers are driven by motors that are not regulated or controlled at all. 
This leads to varying revolutions per minute and therefore to varying plunger veloci- 

15 ties, which affects the mixing quality and application time. Within these apparatuses 
it is not possible to adapt the plunger velocity and mixer speed to the various paste 
characteristics with little expenditure. 

Th ere exist also other known apparatuses and methods, wherein the advance 
speed of the plungers is adjustable. It is generally desired that the plungers be ad- 
2Q vanced for positioning rapidly. When the plungers make contact with the compo- 
nents, the resistance and therefore the load for the drive increases. The advance 
speed should then be regulated to a lower constant value in order to ensure that the 
components are pressed out at a uniform speed. 

Furthermore, it has been found that in many cases it is not sufficient to regulate the 
25 advance speed to a constant value. Instead it is also necessary to select the suit- 
able advance speed due to different types of components, which have very different 
properties, e.g. viscosities, or which require particular speeds due to processing fac- 
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tors. Depending on the properties of the components, there is an optimum advance 
and a good and reproducible result of the work. 

EP 1 101 538 A2 and US 6 371 336 B1 each discloses an electrically operated dis- 
pensing appliance. This known appliance comprises a gear motor which is con- 
s nected to the main shaft by a first gear and a first shifting sleeve in order to operate 
the advance and the relieving stroke under high loads. For the operation at smaller 
loads, i.e. fast retraction and fast forward feed, it is connected to the main shaft by a 
second gear, a driving shaft, and a second shifting sleeve. An electromagnet is con- 
nected to said two shifting sleeves in such a manner that one or the other shifting 
io sleeve is selectively connectable to the main shaft. 

EP 0 956 908 A1 and US 5 168 052 Bl each discloses an electrically driven dis- 
pensing appliance. This known appliance comprises an electric drive that acts via 
drive screws on thrust plates for dispensing material from cartridges. The different 
forces acting upon the two drive screws are supported by rolling friction on low f ric- 
15 tion bearings so that no tilting forces on the slide are generated. The electric drive 
comprises a first gear motor for a drive under high load during advance and relief, 
and a second motor for the drive under lower load during the retracting and fast ad- 
vance motions. 

EP 0 492 413 A1 and US 5 286 105 each discloses an apparatus for mixing and ap- 
zo plying two-component materials. This known apparatus comprises two pistons which 
can be displaced and driven forward together by an electric motor via a magnetic 
coupling in the cartridges. The pistons can be drawn back manually and inserted 
again via a manual wheel when the motor is switched off and the magnetic coupling 
moved out. In this application the motor drive is only designed for a slow advance of 
25 the pistons, wherein the changing of the cartridges is due to the manual extension 
and retraction of the pistons. 

EP 1 010 401 A1 and US 6 315 164 B1 each discloses a method and apparatus for 
generating a multi-component compound, in particular for dental purposes, by 
pressing its components out from exchangeable cartridges into a mixer. In this 
30 known apparatus, the advance speed is constantly kept at a predetermined value, to 
ensure that the mixing quality is not adversely affected by the advance speed differ- 
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ing depending on viscosity and friction ratios. This is preferably achieved by means 
of a unit which is assigned to the drive motor. This unit can also be used for driving 
the motor, depending on the load, either at a low speed assigned to the normal ad- 
vance, or at a higher speed assigned to the return movement. 

s BP 1 279 379 A1 and US 2003/0 022 128 A1 each discloses an apparatus for gen- 
erating a multi-component compound, in particular for dental purposes, by pressing 
out and mixing its components from cartridges which open into a mixer. In this 
Known apparatus the advance speed of the electric motor is regulated by the press- 
ing-out behavior of the components, which pressing-out behavior can be determined 

io by sensors. Preferably, the electric motor is a DC motor. 

In view of the above, to ensure a desired driving, i.e. advancing and returning speed 
of the plungers, DC motors are used in general. The torque characteristic of DC mo- 
tors or shaded pole motors is the opposite of what is needed for the application, be- 
cause they offer low torque at the low speed drive modus, whereas high torque is 
15 needed for pressing out the components. Furthermore, at very low speeds, of about 
1 to 10 revolutions per minute, the operation of a conventional DC motor actually 
breaks down, 

These drawbacks are often countered by complex gearboxes, manual interactions 
of users, a plurality of motors, or a plurality of driving units assigned to the drive mo- 
20 tor and linked with additional sensors. 

SUMMARY OF THE INVENTION 

The present invention provides an improved motor concept for driving the plungers 
and shows the features of the claims. 

The present invention provides the advantage that the motor concept provides both, 
as higher torque at low speed for pressing out the components, and high speed for 
rapid positioning the plungers, by using only one motor, but without using a clutch 
and without the need of complex gearboxes and the need of changing gears. 
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The present invention provides the further advantage that the motor concept auto- 
matically adjusts the driving speed to a suitable value for the corresponding compo- 
nents. 

The present invention relates to an apparatus for generating a multi-component 
s compound, in particular for dental purposes, comprising: 

at least two cartridges, each cartridge containing a component of the multi- 
component compound and having a plunger adapted for pressing out its com- 
ponent from the cartridge; and 

a driving device for said plungers in which the driving speed is adjustable. 
10 wherein the driving device comprises a stepping motor. 

The present invention also relates to a method for generating a multi-component 
compound, in particular for dental purposes, by pressing out and mixing its compo- 
nents from at least two cartridges by driving plungers inside the cartridges by means 
of a driving device in which the driving speed is adjustable, wherein a stepping mo- 
is tor for driving the plungers is provided. 

With this apparatus and method, the multi-component compound is generated by 
dispensing each component with a plunger of its cartridge into a mixer, wherein at 
least two components are mixed to generate the desired compound. 

The stepping motor according to the present invention is surprisingly found to have 
20 the ideal torque and control characteristics for such an application. At low revolu- 
tions per minute, the stepping motor offers higher torque as compared with the 
known DC motors, whereas it also offers high revolutions per minute, although with 
comparatively low torque, sufficient for rapid advance and retraction of the plungers. 
This high torque at low revolutions per minute provides a high plunger pressure 
as which is advantageous and necessary as the components, which are typically high 
viscous pasty materials, can only be dispensed from the cartridge with high applica- 
tion forces. On the other side, the comparatively low torque at high revolutions per 
minute provided by the stepping motor, is suitable since the high speed of the 
plungers is only used to position the plungers in a short time; therefore only low driv- 
30 ing and motion forces are needed. Furthermore, a stepping motor according to the 
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invention even provides a high torque for very low revolutions per minute (of about 1 
to 10) since the stepping motor is able to drive very small individual steps. 

These advantageous characteristics of the stepping motor make is possible to use 
only one motor for the two requirements of tow speed with high torque and of high 
speed, even with low torque, without using complex gear boxes and without chang- 
ing any gears. 

Said driving device may be any kind of means for driving the plungers. 

Further preferred features and embodiments of the invention are described in the 
claims. 

A further advantage of stepping motors is the precise adjustment of the number of 
rotation steps and the driving speed by means of a driving unit. The driving device 
according to the present invention may comprise a driving unit for driving, controlling 
and monitoring the steps of the stepping motor. In addition to the precise adjustment 
of the rotation of the stepping motor, the steps can be easily monitored by the driv- 
ing unit which corresponds in this application under certain circumstances to a moni- 
toring of the plunger position. This monitoring of the plunger position may be 
achieved by, e.g.; simply monitoring or counting the driving steps of the stepping 
motor. The driving device with the driving unit may therefore monitor and detect, 
whether the plunger is in an empty position, which relates to a plunger position at 
the front end of the cartridge when the cartridge is empty, or whether the plunger 
starts from a replacement position, which relates to a plunger position at the rear 
end so that a replacement of cartridges is possible, and advances to an initial posi- 
tion, in which the plunger gets into contact with the component level of a newly in- 
serted cartridge. 



25 Said driving unit may be any kind of means for driving, controlling and monitoring 
the steps of the stepping motor. 

A further advantage of a driving device comprising a stepping motor is the capability 
to detect the status of the load of the stepping motor easily by a driving device which 
comprises a detector for detecting the load of the stepping motor. There are different 
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methods to detect whether the status of load of the motor is In a load state or in an 
unload state. According to a first method, when the plunger advances and arrives at 
the component level, the status of load of the motor raises which results in an in- 
crease of the electric current and therefore in a change of the current response of 
5 the coils, A stepping motor additionally has the advantage that the detector may de- 
tect the status of load, according to a second method, by detecting and monitoring a 
change in the step frequency, or, according to a third method, by monitoring and de- 
tecting a loss of driving steps. 

Said detector may be any kind of means for detecting the status of load of the step- 
10 ping motor. 

It is possible that the driving device is adapted to drive the stepping motor at a con- 
stant predetermined speed- This may easily be achieved by monitoring the driving 
steps of the stepping motor. 

It is possible that the driving device is adapted to drive the stepping motor at differ- 
is ent predetermined constant speeds which may be necessary for different applica- 
tions, different components with different viscosities or for different generated com- 
pounds by different dispensing speeds. 

Due to the fact that the stepping motor provides the ideal torque characteristic with 
the ideal control characteristic, the driving device can be designed very compact and 

20 simple without using complex and complicated gearboxes. For instance, it is possi- 
ble that the output shaft of the stepping motor is connected directly, or via a belt, or 
via a simple construction with wheels and/or gear wheels and/or toothed chains 
and/or toothed belts, to the plunger or to each device for moving the plunger. There- 
fore, the driving device with the stepping motor and the mechanical connection to 

25 the plunger is smaller, quieter, lighter in weight, and more reliable than the driving 
devices in the prior art. 

Said moving device may be any kind of means for moving at least one of the plung- 
ers. 
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Since the stepping motor can be controlled very precisely in speed, the change of 
speed can be realized very fast so that a change of the plunger velocity is apparent 
in a very short time. This results in a shorter process time and in an improved han- 
dling for the end user, for instance when replacing cartridges. Furthermore, the very 
5 fast response of the stepping motor prevents an uncontrolled compound dispensing 
when the plunger arrives at the level of the components after a new cartridge has 
been inserted and the plunger moves into the initial position. 

The stepping motor can also be used for driving a dynamic mixer which may be 
connected to the output shaft of the stepping motor. Due to the use of only one mo- 
no tor the speed of the mixer is automatically adjusted to the speed of the advancing 
plunger. However, it is possible to provide a separate motor for driving the mixer 
which opens the possibility to control the mixer speed as needed independently from 
the plunger speed. 

The apparatus according to the present invention can therefore be built small and 
is effective with an enhanced mixing quality and an optimized application time. The 

handling for the user is improved since the replacement of cartridges can be done in 
shorter time. Components with different physical characteristics, like different vis- 
cosities, can be used without disadvantages for generating and mixing. 

Due to the short positioning procedure it is also possible to adjust the speed of the 
20 plungers from fast to low automatically after a predetermined time period, preferably 
of 3 to 5 seconds, without using a detection signal in general. This time period may 
be calculated from the fast advance speed and the axial length of the cartridges* in- 
terior, so that during that time the correct position of the plungers at the component 
level is reached in every case, even in case of a nearly empty cartridge, i.e. a very 
as low component level. 

It Is possible, that the method comprises the steps that: 

the plungers are advanced with high speed into an initial position in which they 
get in contact with the components; 
the data of this initial position is detected; 
ao - the plungers are retracted with high speed for a predetermined relief distance; 
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the plungers are advanced with high speed either for a predetermined bias 
distance greater than the relief distance, or until the components begin flowing 
out of the cartridges or into the mixer; 

the plungers are driven with low speed for pressing out the components from 
$ the cartridges. 

The data of this initial position may be detected to calculate the relief distance 
and/or the bias distance. 

After having dispensed the desired amount of compound, the plungers may be re- 
tracted with high speed for relief of the components. 

io It is possible, that the method comprises the steps that: 

during driving the plungers with low speed for pressing out the components 
from the cartridges, the pressing force or load of the stepping motor is moni- 
tored and compared with a predetermined upper limit; 

if the upper limit is reached or exceeded, the stepping motor is stopped or ad- 
15 justed to a lower speed. 

The monitoring of the load may achieved by monitoring the electric current fed to the 
stepping motor or the driving steps or the step frequency, as described above. 

The upper limit may depend on the different properties, e.g. viscosity, of the compo- 
nents, and may be entered into the apparatus either manually or automatically. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described in more detail below with ref- 
erence to the attached drawings, which are by way of example only. 

FIG. 1 is a partially cutaway side view of an apparatus for generating a multi- 
component compound according to a preferred embodiment of the present in- 
25 vention. 
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DETAILEP nFSCRlPTION OF PREFFRRED EMBO DIMENTS 

FIG. 1 is a schematic representation of an apparatus for generating a two- 
component compound. 

In the side view of FIG. 1 , the cross section of only one cartridge 3 of two side-by- 
side cartridges, can be seen. An output shaft 7 of a stepping motor 1 is connected 
via a belt to a device B for moving a plunger 2. This moving device B may comprise 
any kind of axle and/or drive screws and/or shaft, to move the plunger 3. As indi- 
cated by component level 5, the cartridge 3 is only half filled with one component 4 
of the two components to be mixed. 

The plunger 2 is in the depicted situation in FIG. 1 not in contact with the component 
4. if a first cartridge shall be replaced with a second cartridge, the plunger 2 must be 
in a replacement position, i.e. at the rear end of the cartridge 3, so that the first car- 
tridge may be removed from the apparatus and the second cartridge may be in- 
serted into the apparatus. After the second cartridge 3 has been inserted, the 
plunger 2 is driven or advanced with high speed from the replacement position 
through an intermediate position, as indicated in FIG. 1, to an initial position in which 
the plunger 2 is in contact with the component level 5. 

After driving the plunger 2 into contact with the component level 5, the apparatus is 
ready for generating and dispensing the two-component compound. Due to the high 
viscosity of the components, the plunger 2 can only be driven at a lower speed but 
with higher torque and thus dispenses the component 4 out from the cartridge 3 into 
the mixer 6. The component of the second cartridge (not shown in this kind of cross- 
sectional view), is dispensed as well in a like manner to the mixer 6, and the mixer 6 
mixes the two components from the two cartridges 3 and generates the two- 
25 component compound. 

In the embodiment of the apparatus shown in FIG. 1, the mixer 6 is a dynamic mixer 
and driven by a separate motor 9. 



15 



20 



Empf.zeit:01/03/2004 18:01 



Empf.nr.:152 P. 014 



01-MRR-2004 18:11 UDN 3M ESPE RG RBT P5E 



AN EPfl 



S. 15^20 



59344EP002 PEMIX-G STEMOT/EP 

2004-Mar-01 

P1 1-244/03 

-10- 

However, it is also possible, that the dynamic mixer 6 is driven by the same stepping 
motor 1, or that the mixer is a static mixer in which case there is no need for motor 
9. 

The present invention has now been described with reference to several embodi- 
5 ments thereof. It will be apparent to those skilled in the art that many changes can 
be made in the embodiments described without departing from the scope of the pre- 
sent invention. Thus the scope of the present invention should not be limited to the 
structures described in this application, but only by structures described by the lan- 
guage ot the claims and the equivalents of those structures. 
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LIST OF REFERENCE SIGNS 

1 Motor for driving the plungers 

2 Plunger 

3 Cartridge 

4 Component 

5 Component level 

6 Mixer 

7 Shaft for motor 9 

8 Device for moving the plunger 

9 Motor for driving the mixer 
1 o Shaft for motor 1 
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CLAJMS 

1 . An apparatus for generating a multi-component compound, in particular for 
dental purposes, comprising: 

_ at least two cartridges (3), each cartridge (3) containing a component (4) of 
the multi-component compound and having a plunger (2) adapted for pressing 
out its component (4) from the cartridge (3); and 

a driving device for said plungers (2) in which the driving speed is adjustable, 
wherein the driving device comprises a stepping motor (1). 

2. An apparatus according to claim 1 , further comprising a detector which is able 
to detect the status of load of the stepping motor (1). 

3. An apparatus according to claim 2. wherein the detector detects the status of 
load by the step frequency of the stepping motor (1). 

4. An apparatus according to claim 2 or 3, wherein the detector detects the in- 
crease of load by a change or loss of driving steps of the stepping motor (1 ). 

5. An apparatus according to anyone of the preceding claims, wherein the driving 
device is adapted to drive the stepping motor (1) at a predetermined constant 
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6. An apparatus according to anyone of the preceding claims, wherein the driving 
device is adapted to drive the stepping motor (1) at different predetermined essen- 
tially constant speeds for one or different components and compounds. 

7. An apparatus according to anyone of the preceding claims, wherein a prede- 
termined speed of the stepping motor (1) is essentially constant when the stepping 
motor (1) is under load and at a higher speed in the absence of load. 

8. An apparatus according to anyone of the preceding claims, wherein the step- 
ping motor (1) is able to drive the plungers (2) at low speed with high torque and at 
higher speeds. 
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9. An apparatus according to anyone of the preceding claims, wherein an output 
shaft (7) of the stepping motor (1) is connected directly, or via a belt, or via wheels 
and/or gear wheels and/or toothed chains andtor toothed belts, to each device (8) 
for moving the plunger (2). 

5 1 0. An apparatus according to anyone of the preceding claims, wherein the driving 
device is adapted to monitor the position of the plungers (2). 

11. An apparatus according to anyone of the preceding claims, wherein the driving 
device is adapted to monitor the position of the plungers (2) by monitoring the driv- 
ing steps of the stepping motor (1). 

io 12. An apparatus according to anyone of the preceding claims, wherein the driving 
device Is adapted to detect and monitor an empty position of a plunger (2) when 
said respective cartridge (3) is empty. 

13. An apparatus according to anyone of the preceding claims, wherein the driving 
device is adapted to detect when the plungers (2) get into contact with the compo- 

is nents (4) after inserting the cartridges (3). 

1 4. A method for generating a multi-component compound, in particular for dental 
purposes and particularly with an apparatus according to anyone of the preceding 
claims, fay pressing outand mixing its components (4) from at least two cartridges 
(3) by driving plungers (2) inside the cartridges (3) by means of a driving device in 

20 which the driving speed is adjustable, wherein a stepping motor (1) for driving the 
plungers (2) is provided, 

15. A method according to claim 14, comprising the steps that: 

the plungers (2) are advanced with high speed into an initial position in which 
they get in contact with the components (4); 
25 - the plungers (2) are retracted with high speed for a predetermined relief dis- 
tance; 

the plungers (2) are advanced with high speed either for a predetermined bias 
distance greater than the relief distance, or until the components (4) begin 
flowing out of the cartridges (3) or into the mixer (6); 
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the plungers (2) are driven with low speed for pressing out the components (4) 
from the cartridges (3). 

16. A method according to claim 14 or 15, comprising the steps that: 

_ during driving the plungers (2) with low speed for pressing out the components 
5 (4) from the cartridges (3), the pressing force or load of the stepping motor (1) 

is monitored and compared with a predetermined upper limit; 
if the upper limit is reached or exceeded, the stepping motor (1) is stopped or 
adjusted to a lower speed. 

17. A system for generating a multi-component compound, in particular for dental 
no purposes, with an apparatus according to anyone of the preceding claims 1 to 13 

further comprising a mixer (6). 

1 b. Use of an apparatus, a system and/or a method according to any of the re- 
spective preceding claims for generating, dispensing and/or mixing multi-component 
compound products. 
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